A new method to determine myocardial blood distribution was used to study a patient with a recent large transmural anterior myocardial infarct. The method consisted of injecting 43potassium into a peripheral arm vein and recording the radioactivity over the chest with a scintillation (Anger) camera. Elimination of noncardiac radioactivity in the analysis of data was accomplished by recording the rapid passage of injected 99mtechnetium through the heart. The cardiac deposition of the potassium was visualized by identifying the contour of the heart from the technetium scan. In this patient deposition of 43potassium was markedly reduced in the septal region of the myocardium. This correlated well with the ischemic area suggested by coronary angiography, which demonstrated proximal occlusion of the left anterior descending coronary artery and absence of obstructive disease in the other coronary arteries. Intracoronary artery injection of 43K gave confirmation of decreased deposition in the same area. This method should prove helpful in the study of certain clinical problems, such as the evaluation of the patency of coronary artery bypass grafts.
Regional myocardial flow
Radioactive potassium study A METHOD for the identification of areas of reduced myocardial blood flow is currently under development in this laboratory. This technic involves an atraumatic method of injection of 43K into a peripheral vein and measurement by scintillation camera of the accumulation of the potassium in the myocardium. The purpose of this report is to demonstrate the close correlation of the peripheral injection of 43K both with the intracoronary injection of 43K and with the area of ischemia as inferred from coronary arteriography.
Case Report While shoveling coal, a 42-year-old man began to have heavy substernal pain. This recurred daily and was relieved by rest. One week later he was wakened by similar pain that was more severe, unremitting, and associated with mild dyspnea. Hypertension of 146/102 mm Hg was first noted 5 years previously but was never adequately treated. Physical examination revealed a man appearing younger than his stated age and in acute distress from chest pain. Blood pressure was 170/100 mm Hg, heart rate 72 beats/min, respirations 18/min, and temperature 36.4°C. The lungs were clear. The heart was not enlarged with a regular rhythm. S3 and S4 sounds were present. The electrocardiogram revealed an acute widespread anterior myocardial infarction, with hyperacute S-T-segment elevation in all of the chest leads. Chest X-ray revealed mild increase in the pulmonary vasculature.
One hour after admission ventricular fibrillation occurred and was terminated by countershock. The patient's course was further complicated by transient complete right bundle-branch block, heart failure, and pericarditis. However, he responded to treatment with digoxin, diuretics, antiarrhythmic drugs, and a short course of corticosteroids. At the time of discharge after 3 weeks of hospitalization he was asymptomatic and has remained so during the immediate follow-up period. Serial electrocardiograms revealed evolution of the myocardial infarction.
Methods
Coronary arteriography was performed on March 2, 1972, 18 days after admission using the Sones technic. At the end of the angiographic studies a dose of 103 ,uCi of 43KCI was injected into the left coronary artery and 60 ,Ci into the right coronary artery. The Circulation, Volume XLVII, March 1973 arteriotomy was closed. The patient was then transferred to another room, and Nuclear Chicago Pho-Gamma II scintillation camera was placed over the precordium inclined to approximately 300 in the left anterior oblique position so that the camera face was perpendicular to the plane of the septum, in an effort to separate the right heart from the left ( fig. 1 ). An additional elevation of 15°rotated around the transverse axis of the patient and inclined from the base to the apex of the heart was utilized to aid in separation of the atria from the ventricles. Starting at 12 min after the injection, the distribution of the deposition of 43K in the myocardium was recorded at 1-min intervals for 16 min in the form of a 40 x 40 numerical matrix by an RIDL 1600 channel analyzer as previously described.1, 2 Each frame was transferred to an Ampex TM-7291 digital tape recorder for processing by a GA 18/30 computer. Following the recording of the last 43K distribution the spectrometer of the scintillation camera was changed to the 99mTc setting, and a background count of the residual 43K falling within the 99mTc spectrometer setting was recorded. A rapid injection of 4.4 mCi of 99mTc followed by 10 ml of a saline flush solution was made through an indwelling catheter in an antecubital vein. The distribution of radioactivity during the rapid phase was accumulated and recorded during successive 0.9 sec until the monitor ratemeter showed the material had cleared from the heart.
Fifty-four days later a similar study was done with the scintillation camera in the same position but with the injection into an antecubital vein of 1.06 mCi of 43K in a volume of 3 ml and with the rapid bolus again followed by 10 ml of the saline flush solution. The distribution of the material during the rapidly changing sequence was recorded every 0.9 sec. At the end of 1 R°30P RIGHT LUNG F401 WK SEPTUM Figure 1 Orientation of scintillation camera over the precordium. In addition to the rotation of 300 around the longitudinal axis of the body as shown an additional 150 elevation of the camera face around the transverse axis was made so as to help separate the atria from the ventricles. View of subject is from feet looking toward the heart. Note the largest mass of myocardial tissue in the septal and left wall regions.
Circulation, Volume XLVII, March 1973 min the frame accumulation time was increased to 60 sec and recorded at this rate for the next 18 min. The fast passage of 99mTc through the central circulatory system was recorded as before every 0.9 sec for 25 sec following the injection of 6.5 mCi. Results
The deposition of 43K in the myocardium recorded for 8 min following intracoronary injection into both right and left coronaries is shown in the matrix of figure 2A in percent distribution and by the contour lines of figure 2B . Since a slight decrease in radioactivity was noted after 8 min it could not be assumed that washout was uniform over the entire surface; therefore, no frames after this period were added. A marked asymmetry is noted in all the contour lines by this representation with a definite decrease of deposition in the region of the septum. This asymmetry differs appreciably from a normal pattern as illustrated by the distribution, typical of various normal subjects, recorded following left and right intracoronary injection of 43K in a subject with normal coronary circulation ( fig. 3 ). A three-dimensional view of this abnormal deposition is shown in figure 2C . The three-dimensional view of the normal heart is shown in figure 3C . Note the prominent deposition in the septal region here that is absent in the abnormal distribution of figure 2C .
The use of this method also requires a technic to identify the various chambers of the heart. In order to localize the various chambers of the heart certain of the matrices recorded during the fast passage of 99mTc have been added together and displayed both in matrix and contour form.3 Figure 4A shows the combined matrices from 2.7 to 4.5 sec showing the right side of the heart. In figure 4B the frames from 9.9 to 13.5 sec after injection were combined to show the region occupied by the left side of the heart. Matrices from 4.5 to 9.9 sec have been omitted since most of the radioactive material was in the lungs at that time.
The septal region can be identified as the border area between the distribution of figure 4A and B and is localized in this figure at the ordinate value of channel 30.
The outline of the entire heart may be observed by combining the distribution of figure 4A and figure 4B to obtain figure 5. The 25% contour in this figure thus shows the effective limits of the heart border that are above body background, and this contour is superimposed over the distribution of the entire procedure of figure heart. This contour can also be superimposed on the three-dimensional scan of figure 2C so that all radioactivity originating outside of the heart chambers may be eliminated, as shown in figure  2D . When a similar procedure is applied to the matrix of the normal heart of figure 3C the threedimensional view as shown in figure 3D is obtained. Again the difference in deposition in the septal region is marked. While the elimination of all noncardiac deposition of 43K is not necessary for visualization when the intracoronary injection is employed, it is critical when the peripheral injection technic is utilized. Since other organs and tissues as well as the myocardium extract 43K from the blood, the border of the heart is usually indistinct or actually may be overshadowed by adjacent organs, such as the liver, which may exhibit a higher total uptake than the myocardium.4
This smearing effect is shown in figure 6A , which illustrates the deposition of 43K in structures recorded from the precordial area following injection into an antecubital vein of the patient. Figure  6B shows only that region of figure 6A that falls within the contour line of the heart border delineated by the integration of selected frames of the rapid passage of 99mTc through the heart chambers. Once the surrounding noncardiac deposition has been eliminated from the scan the general configuration of figure 6B is seen to be very similar to that of figure 2D determnined by intracoronary injection.
The right heart -area is more prominent in figure 6B indicating that the 43 K supplied to this region by peripheral vein injection had a greater proportionate amount than delivered to it by direct intracoronary injection, into the right coronary. The defect in the septal region is, however, equally prominent in both. 0 0 1 2 2 2 2 3 J 3 3 3 2 2 2 3 34 5 6 7 7 91010121413 95 3 0 0 1 2 1 1 1 1 2 2 2 2 1 1 2 2 2 3 3 S 4 4 5 6 6 6 7 7 5 2 1 0 0 1 1 A 1 1 1 1 1 1 1 1 1 1 2 2 2 3 3 4 4 4 S S 4 4 3 2 1 1 0 0 0 1 1 1 1 1 1 11 1 1 1 1 1 2 1 1 2 3 3 4 4 S 5 3 2 2 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A 1 derive similar information by a simpler method such as that used in this report. This technic consists of the intravenous peripheral injection of 43K and recording its distribution of myocardial deposition by a scintillation camera. In the development of this method it is imperative to show that such a distribution correlates with the area of definition by 43K measurement by injection directly into the coronary arteries. It is also necessary to show that the distribution conforms to the area of ischemia demonstrated by coronary angiography. In this report a patient was studied who had an identified localized area of ischemia in the distribution of the left anterior descending coronary artery which was demonstrated by coronary arteriography to be completely occluded at its origin. The deposition of 43K injected directly into the coronary arteries demonstrated that a large portion of the septum had decreased perfusion. This same fact was also recorded when 43K was injected peripherally. Thus, in this instance a large area of ischemic myocardium was identified and localized by a method not requiring coronary artery catheterization. If further studies confirm the ability of the method to identify decreases in local 43K myocardial deposition, it can be extended to measuring regional myocardial blood flow as well as myocardial distribution. Use of this technic to measure total myocardial blood flow in animals has been successful.9 To extend this to regional flow requires merely to subdivide the cross section of the entire heart into specific matrix elements. It must be realized, however, that these matrix elements do not represent flow per unit mass, but will instead reflect flow to the entire volume subtended by the camera (fig. 1 ) that corresponds to each matrix element. Obviously both the posterior and anterior walls will contribute to the total deposition measured. The various peaks, such as the septal region of figure will usually correspond to a large perfused volume of myocardial tissue as indicated in figure 1 .
With refinement this method may provide better discrimination between normal and ischemic anatomic areas of even smaller size. The 40 x 40 matrix implies a discrimination or resolution of about 2/5 cm (4 in). This resolution has not been attained with this isotope, and at present it is estimated that the overlap is such that two elements would be required for relative independence of one site with an adjacent site. With the present technic, however, immediate application should be possible in the evaluation of coronary bypass surgery. Serial determinations should indicate whether revascularization had been successful and sustained.
